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DFT (Density functional theory) La Théorie de la Fonctionnelle de la Densité.
HF Hartree-Fock.

B3LYP Becke - 3 parameétres - Lee,Yang Parr.

KS Kohn Sham

ZORA Zero Order Regular Approximation( 1’ Approximation Réguliére d’Ordre
Zéro.)

ADF Amsterdam Density Functional

LDA Local Density Approximation) I’ Approximation de la densité locale.
GGA Generalized Gradient Approximation) L’approximation des gradients
généralisee.

AM, Austin Modell.

BP86 Becke perdew 1986.

B1PW91 Becke-1 Perdew-Wang 1991

ADF-GUI Amestrdam Density Functional Graphical User Interface

PBE la fonctionnelle de Perdew-Burke-Ernzerhof

CLOA Combinaisons Linéaire des Orbitale Atomique

FP-LAPW Ful Potential Linearized Augmented plane wave
SCF Self Consistent Filed

SR-ZORA Spherically Resolved zero Order Regular Approximation

QR Quasi Relativstic

RCP Relativistic Core Potentiel)

RECP Relativistic Effective Core Potential

TZP Triple-Zeta Polarisées

HDvV Heisenberg Dirac van Vleck

F & AF Ferromagnétique et AntiFerromagnétique..
AMS Amsterdam Modeling suite.

Ooms Orbitales Moléculaires.



OA
PM3
PWO1
STO
TZ
RCP
CNDO
AM1
MNDO
PM3
SMM
HS

BS
NPA
MPA
NM
TBE
SOMO

singulier.)

HOMO

Orbitales Atomique.
Parametric Method3
Perdew et Wang (1991).
Slater Type Orbital.
Triple Zeta
Ring Critical Point.
Complete Neglect Differntial Overlap
Austin Model 1
Modified Neglect of Differntial Overlap
Parametric Method 3
Single Molecule Magnet( aimants moléculaires singuliers)
Haute Symétrie.
Broken Symmetry( Symétrie brisée)
Natural Population Analyses
Mulliken Population Analyses
Nalewajski Mrozek
Total Bonding Energy

Single Occupied Molecular Orbital( Orbitale moléculaire a occupation

Highest Occupied Molecular Orbital( I'orbitale moléculaire la plus

haute en énergie occupée.)

LUMO

Lowest Unoccupied Molecular Orbital
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CuUL! |-629.577518 |-629.577851|-629.577769]-629.577707)-629.577711]6.01|2.01|3.01/3.01
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' 0/86.5/86.5/0/0 | 0/79/79/4.6/0 | 0/3/3/75.8/30.3 | 0/5/5/75.2/7.6 0.187 1.171
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' 0/90.7/90.7/0/0 | 0/91.4/74.0/0/0 | 0/0/0/71.2/29.4 | 0/4.4/4.4/62.1/7.9 | 0.191 1.169
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' 0/91.5/91.5/0/0 | 0/91.2/91.2/0/0 | 0/0/0/72.4/10.3 | 0/0/0/72.6/30.8 | 0.186 1.165
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Abstract :

In this work, we have explored various methods of quantum mechanics and the most
important approximations used in each method. We have also studied theoretically the effect
of molecular geometry on the spin-spin coupling constant of tri-nuclear Schiff base
complexes (i) for the 3d-5f-3d case.

The calculations were performed using the ADF program, which is based on the Density
Functional Theory (DFT) at the DFT/ZORA level and using the GGA(BP86) and B3LYP
functionals along with the TZP basis set and the Broken Symmetry (BS) approach.

The results obtained in this thesis are in full agreement with the experimental results, which
proves the effectiveness of the approach and method used in the study.

Keywords : DFT «spin-spin<M,AnLi« ADF<ZORA.



bl 4l
2018 Al #lje (grald daals 2 ke 5583 @y Alae Jilgs dgudll by cungyugl) 85 colay A oL [1]
daala ohysiSe0 dagyll X = Cu; Ag; Au) GdINX2 ) 1 ash Sudl) pailadll & b dealue cgn s2eud[2]
22013 < il 1 Casban
[3]M.Born and R.Oppenheimer,Annaeln der Physik, 389 (20) (1927) 457-484
[4]A.Menedjhi , N.Bouarissa,S.saib,M.Boucenna,F.Merzag,Acta.Phys.Pol.A 137 (2020).486
H.Ghodbane,L.Tabourot,physica B 553 (2019)
[5]A. Khaldi, N. BouarissaH.Ghodbane,L.Tabourot,physica B 553 (2019)
Bacls ly Al Bl aleatl Joatll Jaia Giluny &g 5Ny Bagid) Gailadl) duh «Ble dulsal 5 dadl ase [6]
12023 550 5L blel) dupaal) ¢ Jacgie e Balgd Juil 2 )35 5,50 ¢asllal

[7]Meskaldji Samir. Etude théorique des propriétés physicochimiques de complexes d’éléments f,
Doctorat de 1"université Mentouri de Constantine-Algérie (2012).

[8]Seddik Boucenna ,Etude théorique DFT des propriétés magnétiques de complexes
organométalliques  d’actinides, Doctorat, UNIVERSITE DES FRERES MENTOURI
CONSTANTINE 1,2022.

2017 LS5 Juab cije daala (Jo¥) laa)) dalaal) slaadll 8 dadia cCilae Jlaa Cae [9]
2015 s g dasls . Als) toalaal) Aacdgy dnnadaliall (ailiadl) Lul) .5352ue lije [10]
[11]Mohamed Nazim Benaouda. Etude Theorique des complexes organométhalliques a base de
ruthenium par des calculs de chimie quantique, Magister de L’Université d’Oran-Algerie (2012).
[12]Mulliken R.S., J. Chem. Phys., 1955, 23, 1833-1846.
[13]Thanh Tung Nguyen-Dang.ChimieQuantiqueCHM-13212(2001).
[14]L.H. Thomas, Proc. Cam. Phil. Soc., 26, (1930) 376

[15]L. J. Sham and W. Kohn <One-Particle Properties of an Inhomogeneous Interacting

Electron Gas. Phys. Rev. 145 (2) (1966).

[16]S. Cottenier, Density Functional Theory and the family of (L) APWmethods : a stepbystep
introduction BelguimAugust 6, 2004

[17]] (a) Baerends, E. J.; Ellis, D. E.; Ros, P. Chem. Phys. (1973) 2, 41. (b) Versluis, L.; Ziegler, T. J.
Chem. Phys. (1988) 88, 322 .(c) te Velde, G.; Baerends, E. J. J. Comput. Phys. (1992) 99, 84. (d) van
Lenthe, E.; Snijders, J. G.; Baerends E. J. J. Chem. Phys. (1996) 105, 6505. (e) van Lenthe, E.; Ehlers,
A. E.; Baerends, E. J. J. Chem Phys. (1999) 110, 8943

[18](a) E. Fermi, Rend. Acad. Naz. Lincei, (1927) 6, 602. (b) L.H. Thomas, Proc. Cambridge
Phil. Soc. (1927) 23, 542. (c) E. Wigner, Phys. Rev. (1934) 46, 1002.



[19]P. Blaha, K. Schwarz, P. Sorantin, S. B. Tricky, Chem. Phys. Lett, 399 (1990).

[20]J.P Perdew ,K.Burke,and M.Ernzerhof.Phys.Rev.Lett.77,3865(1996).

[21]L. He. F. Liu, G. Hautier,M.J.T. Oliveira, M. A. L. Marques, F. D. Vila, J. J. Rehr, G. M.
Rignanese, and Aihui Zhou , Accuracy of generalized gradient approximation functionals

for density-functional perturbation, Phys. Rev.B 89.064435 :1-15(2014).

[22]Robert GP, Yang W (1989), Oxford University Press, 350 (ISBN 0-19-509276-7).

[23]Engel E, Dreizler RM (1996), Topics Curr Chem, 181, 1.

[24]Van Lenthe E (1996), thése PhD ; the zora equation, Université Vrije d’Amsterdam, pays bas

[25]Boulmene Rida. Etude théorique de I’aspect microscopique de la capture et du stockage de CO2
par les zéolites : étude des sous-entités Zn-Imidazole et triazole avec CO2. Doctorat de ’université
Paris-Est Marne la vallée, Parie et I’université Mohammed VRabat, Moroc (2016).

Llall deaalle ol ales Maad salgd d A3 580 aalall asle 3 oS elilCoe @l lanls pallg &) S6u[26]
2018 5SS 55l

[27]Yasser Karzazi. Structure éléctronique et champ de forces moléculaire des cycloimmonium
ylures, Doctorat de 1’université des sciences et technologies de LILLE 1 (1996).

[28]J. M. Foster, "A Simple Molecular Orbital Theory for Conjugated Systems," Journal of
Chemical Physics, vol. 22, no. 10, pp. 1329-1336, 1954.

[29]R. Hoffmann, "A Unified View of Valence Bond Theory and Molecular Orbital Theory,"
Angewandte Chemie International Edition, vol. 8, no. 9, pp. 1-11, 1969.

[30]P. W. Atkins, Physical Chemistry, 10th ed., Oxford University Press, 20009.

daals aglall LS Lol ol (S cand)) Cleganall yealial diteagimall slasl) cJualgll ahyl el 2e.3[31]
2022 350a L)

bl bkl GBS clag de Ao dana .3 5 il gl Gleayll 2. 3[32]

bl eluasl) GBS ¢ peaill sl Glasyll die 129 il (Sdes 2ama.3[33]

e o8] fiuke 5583 X=0.25-0.5 sl (0 By STy Fe03 Sall founlisall pailoadll dulys, Al 333 [34]
2018 Z\ﬁ” CL\)A @MG daals , B2l (;‘91:;
20112012 ) sl aleall sl mge lle (5358 [35]

[36]Salmon, L.; Thuéry, P.; Riviére, E.; Girerd, J.-J.; Ephritikhine, M. Versatility of the nature of the
magnetic Cu(ll)-U(IV) interaction. Syntheses, crystal structures and magnetic properties of Cu,U and
CuU compounds. Dalton Trans. 2003



[37]Salmon, L.; Thuéry, P.; Riviére, E.; Girerd, J.-J.; Ephritikhine, M. Synthesis, Structure, and
Magnetic Behavior of a Series of Trinuclear Schiff Base Complexes of 5f (U, Th") and 3d (Cu",
Zn") lons. Inorg. Chem. 2006,45, 83-93.

[38]Le Borgne, T.; Riviere, E.; Marrot, J.; Girerd, J.-J.; Ephritikhine, M. Synthesis, Crystal Structure,
and Magnetic Behavior of Linear M2"U"Y Complexes (M= Co, Ni, Cu, Zn). Angew. Chem. Ed. Int.
2000

[39]J. D. Rinehart, T. D. Harris, S. A. Kozimor, B. M. Bartlett, J. R. Long. Magnetic Exchange
Coupling in Actinide-Containing Molecules, Inorg. Chem., 2009

[40]Teyar, B.; Belkhiri, L.; Costuas, K.; Boucekkine, A.; Meyer, K. Electronic Structure and
Magnetic Properties of Dioxo-Bridged Diuranium Complexes with Diamond-Core Structural Motifs:
A Relativistic DFT Study. Inorg. Chem. 2016

[41]Billel Teyar, Seddik Boucenina, Lotfi Belkhiri, Boris Le Guennic, Abdou Boucekkine, Marinella
Mazzanti. Theoretical investigation of the electronic structure and magnetic properties of oxo-bridged
uranyl based dinuclear and trinuclear complexes. Inorg. Chem. 2019

[42]AMS 2021.107, SCM, Theoretical Chemistry, Vrije Universiteit, Amsterdam, The Netherlands,
R. Ruger, M. Franchini, T. Trnka, A. Yakovlev, E. van Lenthe, P. Philipsen, T. van Vuren, B.
Klumpers, T. Soini

[43]Velde G, Bickelhaupt FM, Baerends EJ, Fonseca Guerra C, van Gisbergen, SJA, Snijder JG,
Ziegler T (2001) Chemistry with ADF. J Comput Chem

[44]Becke AD (1988) Density-functional exchange-energy approximation with correct asymptotic
behaviour. J Phys Rev A, General Physics

[45]Samir Meskaldji, Lotfi Belkhiri, Rémi Maurice, Karine Costuas, Boris Le Guennic, Abdou
Boucekkine, and Michel Ephritikhine, Electronic structure and magneto-structural correlations study
of CuUL trinuclear Schiff base complexes: a 3d-5f-3d case.

[46]Reed AE, Curtiss LA, Weinhold F (1988) Intermolecular interactions from a natural bond orbital,
donor-acceptor viewpoint. Chem Rev 88: 899-926.

[47] Mayer | (1983) Charge, bond order and valence in the ab initio SCF theory. Chem Phys Lett 97:
270-274

[48] Nalewajski RF, Mrozek J (1994) Modified valence indices from the two-particle density matrix.
Int J Quantum Chem 51: 187-200

[49] Nalewajski RF, Mrozek J, Michalak A. Two-electron valence indices from the Kohn-Sham
orbitals. Int J Quantum Chem (1997) 61: 589-601

[50]Wu H, Wu QY, Wang CZ, Lan JH, Liu ZR, Chai ZF, Shi WQ (2016) New insights into the
selectivity of four 1,10-phenanthroline-derived ligands toward the separation of trivalent actinides and
lanthanides: a DFT based comparison study. Dalton Trans. Int Ed 2016, 45, 8107-8117.

[51]Kozimor, S. A.; Yang, P.; Batista, E. R.; Boland, K. S.; Burns, C. J.; Clark, D. L.; Conradson, S.
D.; Martin, R. L.; Wilkerson, M. P.; Wolfsberg, L. E. J. Am. Chem. Soc. 2009, 131, 12125-12136

[52]Caneschi, A.; Dei, A.; Gatteschi, D.; Sorace, L.; Vostrikova, K. Antiferromagnetic Coupling in a
Gadolinium(I11) Semiquinonato Complex. Angew. Chem., Int. Ed. 2000, 39, 246-248.



[53]Singh, S. K. Tibrewal, N. K. Rajaraman. G. Density functional studies on dinuclear {Ni"Gd"'}
and trinuclear {Ni"Gd"'Ni"} complexes: magnetic exchange and magneto-structural maps. Dalton
Trans., 2011, 40, 10897.

[54] Yamaguchi, K.; Jensen, F.; Dorigo, A.; Houk, K.N. A spin correction procedure for
unrestricted Hartree-Fock and Mgller-Plesset wavefunctions for singlet diradicals and polyradicals.
Chem. Phys. Lett. 1988, 149, 537

[55]Lukens, W.W.; Walter, M.D. Quantifying Exchange Coupling in f-lon Pairs Using the
Diamagnetic Substitution Method. Inorg. Chem. 2010, 49, 4458-4465

[56]Neidig, M. L.; Clark, D. L.; Martin, R. L. Covalency in f-element complexes. Coord. Chem. Rev.
2013, 257, 394406

[57]Maurice, R. E. Renault, Y. Gong, P. X. Rutkowski, Gibson, J. K. Synthesis and Structures of
Plutonyl Nitrate Complexes: Is Plutonium Heptavalent in PuO3(NO3)?? Inorg. Chem. 2015, 54, 5,
2367-2373



